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We assessed the attitudes ofacademic physicians
towards computers in health care at two academic
medical centers that are in the early stages of
clinical information-system deployment. We
distributed a 4-page questionnaire to 470 subjects,
and a total of272 physicians (58%) responded. Our
results show that respondents use computers
frequently, primarily to perform academic-oriented
tasks as opposed to clinical tasks. Overall,
respondents viewed computers as being slightly
beneficial to health care. They perceive self-
education and access to up-to-date information as the
most beneficial aspects ofcomputers and are most
concerned about privacy issues and the effect of
computers on the doctor-patient relationship.
Physicians with prior computer training and greater
knowledge of informatics concepts had more
favorable attitudes towards computers in health care.
We suggest that negative attitudes towards computers
can be addressed by careful system design as well as
targeted educational activities.
In academic medical centers, substantial resources
are now being directed towards development of
clinical information systems. In many design
schemes, the physician will be both entering data into
the system and extracting information from it. For
successful implementation of such systems,
understanding physicians' attitudes towards
computers will be important.
To understand how academic physicians view the
effects of computers on patient care and job
satisfaction, we distributed a questionnaire at two
academic medical centers. We elicited physicians'
perceptions of the effects of computers on health care
and related those perceptions to demographic
information, experience with computers, and
knowledge of informatics concepts.
BACKGROUND
Eliciting and analyzing user attitudes can be an
important component of good system design. Several
methods are commonly used to study user attitudes.
Detailed observation of users in the workplace can
lead to a better understanding of attitudes and other
important issues before or after a system is developed
[1, 2]. However, this method may be time-
consuming and may elicit attitudes from only a
limited group of individuals. Cohort studies, where
an investigator observes how attitudes change as the
result of a new computer system, can often ascribe a
change in attitudes to the effect of the new system [3].
However, this method requires that the computer
system is operational. Survey studies, where an
investigator studies a sample of a population with a
questionnaire or similar instrument, can elicit
subjects' attitudes before or after system development
[4]. This method is time-efficient and inexpensive,
but can suffer from problems with validity (i.e.,
questions may not accurately elicit the true attitude).
Many investigators have designed survey
instruments to assess user attitudes towards
information systems (for a review see [5]). In the
medical domain, most instruments have been
designed from the perspective of hospital-
information-system managers [6, 7], nurses [8], or
physicians [9-11].
We chose to modify and modernize a survey
instrument developed by Teach and Shortliffe [9].
Their instrument, which focuses primarily on
attitudes towards decision-support systems, assesses
the acceptability of different computing applications,
the expectations about the effects of computers on
medicine, and the demands on system performance.
Our instrument elicits attitudes about a more general
set of applications while preserving portions of the
original questionnaire to allow comparison with the
original Teach and Shortliffe study.
METHODS
We distributed a 4-page, 106-item questionnaire to
physicians at two medical centers-Stanford
University and University of North Carolina at
Chapel Hill (UNC). Eligibility criteria were that the
subjects be full-time physician faculty members and
be specialists or subspecialist in one of the following
areas: internal medicine, surgery, radiology, or
radiation oncology. We chose these specialty areas
because they span a range of disciplines.
Eligible subjects received and returned the
questionnaire through the campus mail. We sent out
a second mailing four weeks after the first mailing to
enhance response rate.
Computing Environment
The clinical computing environments at the two
institutions were similar. Stanford provided
electronic access to recent laboratory and radiology
reports but had not yet deployed an integrated clinical
information system. UNC was in the process of
installing a clinical workstation that carries out
transparent logon to multiple information servers,
integrates information about a single patient from
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these disparate sources, and provides access to this
information via a graphical user interface [12]. At
the time of the survey, the workstation was becoming
operational in outpatient clinics but had not appeared
on inpatient services.
Questionnaire Content
Our questionnaire requested information in four
areas: (1) demographic information, (2) experience
with computers, (3) knowledge of informatics
concepts, and (4) attitudes towards computers in
health care. The attitudes section elicited from
subjects their demands on future systems, their
priorities for future system development, and their
assessment of the effects of computers on health care.
In this paper, we report on the "effects" section of the
questionnaire and how responses in this section relate
to demographic information, experience with
computers, and knowledge of informatics concepts.
We have reported on the "demands" and "priorities"
sections elsewhere [13].
In the section eliciting demographic information,
we asked subjects their age, gender, specialty, and the
percent of time that they spent in the following
activities: clinical care and clinical teaching, didactic
teaching, research, and administration. We combined
clinical care and clinical teaching into one category
because we have observed that many physicians
perform both tasks simultaneously.
In the section on experience with computers, we
elicited how often subjects use computers, what types
of computers they use, what tasks they perform with
computers, and what types of training they have had
in the use of computers. We asked subjects how they
used computers by listing 10 tasks regularly
performed by academic physicians and asking them
to what extent they use computers for each task.
Subjects rated how frequently they use computers to
perform each task using the following scale: "never"
(0), "sometimes" (+1), "often" (+2), or "always" (+3).
The section on knowledge of informatics concepts
consisted of two parts: (1) a single-item self-
assessment of overall sophistication and (2) a 18-item
"test" of informatics knowledge. The test of
informatics knowledge contained pairs of concepts
(e.g., Free text <-> Coded data), and three statements
to choose from: "I don't understand the distinction at
all" (0), "I have a general appreciation of the
distinction but couldn't define it" (+1), and "I can
define the distinction precisely" (+2). We chose
concepts that we believed were representative of
important informatics concepts and concepts with a
range of difficulty. We created a summary
"knowledge score" by dividing the sum of the item
scores by the number of items. Although self-
perceptions of distinctions between concepts may be
a less precise measure of knowledge than a test where
subjects are asked to provide answers, we used this
method because we were concerned that a true test of
knowledge might discourage subjects from
completing the questionnaire.
The section on the effects of computers on health
care contained 17 questions each listing a potential
effect of computers on patient care or job satisfaction.
Subjects rated the effects of computers on health care
as "highly detrimental" (-2), "detrimental on the
whole" (-1), "neither detrimental nor beneficial" (0),
"beneficial on the whole" (+1), or "highly beneficial"
(+2). We created a summary "effects score,"
representing the overall effect of computers on health
care, by dividing the sum of scores on individual
questions by the total number of questions.
Statistical Methods
We used nonparametric statistics to test for
significance between variables. We adopted this
more conservative approach because many of our
variables had ordinal values and because we did not
want to assume that the distributions of answers to
questions were normally distributed. To test for
significance between two groups we used the Mann -
Whitney rank-sum test, and to test for significance
between three or more groups we used the Kruskal-
Wallis test. For measuring the association between
two variables, we used the Spearman rank-correlation
test.
RESULTS
A total of 470 faculty members were eligible to
participate. Table 1 shows the number of
questionnaires returned and the response rate for each
institution. The difference in response rate between
institutions was highly significant (X2 = 42.8,
p <.0001).
Demographics
Subject characteristics are shown in Table 2.
Subjects were predominantly male and spent the
majority of their time performing clinical care and
clinical teaching. We found no significant
differences between the institutions on any
demographic characteristics.
Experience with Computers
Respondents' experience with computers is shown
in Table 3. More than 90% of subjects reported using
a computer at least one hour per week ("regular
computer users"). Subjects reported using computers
Table 1. Number of questionnaires returned and





















from 0 to 40 hours per week, with a mean of 9.7
hours and a median of 8 hours.
One third of subjects had some formal training in
computing. Eighteen percent of subjects had taken
computer science or related courses, 2% had formal
training in medical school, 4% had formal training in
residency, 2% had taken a CME course or
participated in a CME-approved conference on
computing, and 16% had participated in a computer
workshop or conference that did not award CME
credits. Age was not a significant determinant of
whether a subject had any formal training. In
addition, of the 26 subjects who received their
medical education in the last decade (those under age
35), only one subject (4%) had a formal course in
medical school and only five subjects (19%) had a
formal course during residency.
Regular computer users rated how frequently they
use computers to perform various professional tasks.
Table 4 shows mean and median ratings of regular
computer users for each task. A majority of
respondents never used a computer to document
patient information, obtain decision support, or
schedule patient appointments. On the other hand, a
majority of subjects always used computers to
perform statistical analysis, prepare presentation
slides, search the medical literature, and write
documents (e.g., grants, research papers, and teaching
material). We found no significant differences
between institutions on experience with computers.
Table 3. Subjects' experience with computers
Regular computer users 91%
Hours per week (mean ± SD) 9.6 ± 8.83
Computer use
Desktop computer at work 82%
Desktop computer at home 71%





Table 4. Frequency with which regular computer
users use computers for various professional tasks*
Task Mean NMea
Documenting patient information 0.36 0
Scheduling patient appointments 0.37 0
Obtaining advice on a specific 0.49 0
patient's diagnosis or therapy
Teaching students and residents 0.80 1
Communicating with colleagues 0.98 1
Accessing clinical data 1.45 2
Performing statistical analysis 1.79 3
Preparing presentation slides 2.20 3
Searching the medical literature 2.30 3
Writing grants, research papers, etc. 2.41 3
*Scale: "never" (0), "sometimes" (1), "often" (2),
"always" (3).
Knowledge of Computer Concepts
We asked subjects to rate their degree of
sophistication with computers. Subjects reported
themselves as "very unsophisticated" (16%),
"unsophisticated" (16%), "neither sophisticated nor
unsophisticated" (41%), "sophisticated" (19%), or
"very sophisticated" (8%). Older subjects tended to
rate their level of sophistication as lower than
younger subjects (Spearman's p = - .16, p = .009).
As a group, female subjects rated their level of
sophistication lower than their male counterparts
(Mann-Whitney, p = .003), this despite the fact that
female subjects were significantly younger than male
subjects (Mann-Whitney, p < .0001). The amount of
time that subjects used a computer correlated
significantly with self-reported degree of
sophistication (Spearman's p = .64, p < .0001). In
addition, subjects with formal training rated
themselves as more sophisticated than those without
formal training (Mann-Whitney, p < .0001). We
found no significant correlation between self-reported
sophistication and institution or specialty.
To obtain a more precise measure of knowledge,
we also asked subjects to rate their knowledge of
various informatics concepts. Table 5 shows the
mean and median responses of subjects on each of 18
items. For the summary knowledge score, the mean
(± standard deviation) was 1.08 (± 0.44),
corresponding to an average response of "I have a
general appreciation of the distinction but couldn't
define it." The summary knowledge score correlated
significantly with self-reported sophistication
(Spearman's p =71, p <.0001). As with the self-
reported level of sophistication, the mean knowledge
score was significantly higher for male subjects
(Mann-Whitney, p = .005), younger individuals
(Spearman's p = - .22, p = .0005), time spent using a
computer (Spearman's p = .54, p < .0001), and
formal training (Mann-Whitney, p < .0001).
560
Table 5. Subjects' assessment of their knowledge of
various informatics concepts*
Informatics Concept Mean IMdian
Forward chaining *- Backward chaining 0.20 0
ICD9-CM *4 SNOMED 0.40 0
Entities <4 Relationships 0.46 0
Interpreter *-* Compiler 0.57 0
Relational database e Flat-file database 0.69 0
Free text *4 Coded data 0.90 1
Client -+ Server 0.95 1
Database e4 Knowledge base 1.00 1
Field <4 Record 1.01 1
Full-text database <-+ Bibliographic 1.19 1
database
Images *4 Graphics 1.21 1
Digital *4 Analog 1.29 1.5
Electronic mail <-> Electronic bulletin 1.32 1
board
Sensitivity - Positive predictive value 1.34 2
Data in memory <4 Data on disk 1.57 2
Mainframe computer e4 Personal 1.70 2
computer
Floppy disk <-+ Hard disk 1.82 2
Hardware *4 Software 1.85 2
T Scale from "I don't understand the distinction" (0), to "I
can define the distinction precisely" (+2).
Attitudes Towards Computers in Health Care
Table 6 shows the mean and median responses of
subjects on 17 questions relating to the effects of
computers on health care. Of the questions asked,
subjects rated most negatively the effects of
computers on privacy (El and E4) and the doctor-
patient relationship (E2 and E3). On the other hand,
subjects rated most positively the effects of
computers on physician education (E16 and E17). In
between, subjects reported that use of computers
would have a neutral or slightly beneficial effect on
personal satisfaction (E6, E7, E8, and El0) and a
more substantial effect on management of health care
(E 1-1i5).
For the summary effects score the mean
(± standard deviation) was 0.44 (± 0.42),
corresponding to a slightly favorable rating of the
effects of computers on health care. We found that
subjects with higher knowledge scores had a more
favorable attitude towards the effects of computers
(Spearman's p = .27, p < .0001). In addition,
subjects with formal training had a more favorable
attitude about the effects of computers than did
subjects with no formal training (Mann-Whitney,
p = .03). We found a significant difference between
specialty groups in their assessment of the effect of
Table 6. Subjects' assessment of the effects of
computers on various aspects of health care*
Effect of computers on: Mean Nklian
El. Personal and professional privacy - 0.31 0
E2. Humaneness of the practice of - 0.22 0
medicine
E3. The rapport between clinicians - 0.12 0
and patients
E4. Role of the government in health - 0.08 0
care
E5. Management of medical/ethical 0.15 0
dilemmas
E6. The self-image of clinicians 0.18 0
E7. Clinician autonomy 0.22 0
E8. Status of medicine as a profession 0.25 0
E9. Patients' satisfaction with the 0.34 0
quality of care they receive
EIO. Enjoyment of the practice of 0.57 1
medicine
El1. Interactions within the health 0.66 1
care team
E12. Generalists' ability to manage 0.68 1
more complex problems
E13. Costs of health care 0.84 1
E14. Quality of health care 0.94 1
El5. Access to health care in remote 0.98 1
or rural areas
E16. Continuing medical education 1.15 1
E17. Clinicians' access to up-to-date- 1.49 2
knowledge _
Scale from "highly detrimental" (-2) to "highly
beneficial" (+2).
computers (Kruskal-Wallis, p = .004): surgeons rated
the effects of computers as more negative than other
groups. We found no significant correlation between
the summary effects score and gender, institution, or
primary academic activity.
DISCUSSION
Our study describes the knowledge and attitudes of
a sample of academic physicians at two institutions in
the early stages of clinical information-system
deployment. Because of limited response rate,
particularly at Stanford University, we can not
confidently generalize these results to all physicians
at these institutions, nor to all such physicians at
similar institutions. However, we believe these
results do help sketch a picture of many academic
physicians at such institutions.
On the positive side, respondents see the benefits of
computers for their own education and as a source of
information. The majority of subjects always used
the computer to search the medical literature and
rated questions regarding the self-education potential
of computers as generally or highly beneficial. This
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may provide a point of leverage for system designers
who are trying to persuade physicians to use
computers to perform less desirable tasks such as
order and data entry. Access to up-to-date
information provided in the context of the display of
clinical information may be one "carrot" that
designers can offer physicians who otherwise may be
reluctant to use new computer systems.
On the negative side, respondents appear somewhat
concerned about computers because of the potential
loss of personal and professional privacy. This fear
has been confirmed in other studies, even in
environments where information systems are more
mature [14]. We believe these concerns should be
addressed by both careful design of security features
and clear communication with clinicians about how
captured clinical information is going to be used.
Another concern of respondents is the effect of
computers on the doctor-patient relationship; many
believed that the computer will have a negative effect
on the rapport between physicians and patients. As
more computers are introduced into the patient-care
environment, they will likely affect the process of
care beyond just changing how clinical information is
accessed. Although one study has shown no
negative effect of physicians entering data into the
electronic medical record during clinical encounters
[15], concerns about computers intruding in the
doctor-patient relationship will still exist. System
designers will need to ponder how to introduce
computers into clinical environments without
harming the human aspects of patient care. Mobile,
pen-based computers, which can be can carried to the
bedside yet appear similar to a clipboard, may be one
technology that will help in this regard.
We found that most respondents lacked formal
training in computing or medical informatics. Even
younger physicians had rarely had a formal course on
computing during medical school or residency.
Physicians with formal training, when compared to
those without formal training, were more
knowledgeable about informatics concepts and
reported that computers would be more beneficial to
health care. This result may reflect the effect of
education on attitudes or just that those who see value
in medical computing seek formal training. Future
studies will need to ascertain whether educational
programs for faculty would be of interest and benefit,
and what topics these programs should address.
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